The loss of chromosomes 1p -19q is the only prognostic molecular alteration identified in low-grade gliomas (LGGs) to date. Search for loss of heterozygosity (LOH) on chromosomes 1p, 9p, 10q, and 19q was performed in a series of 231 LGGs. Loss of chromosomes 1p -19q was strongly correlated with prolonged progression-free survival (PFS) and overall survival (OS) in univariate and multivariate analyses. LOH on 9p and 10q were associated with shortened PFS (P 5 .01 and .03, respectively) on univariate analysis. On multivariate analysis, LOH on 9p remained significant for PFS (P 5 .05), whereas LOH on 10q had a significant effect on OS (P 5 .02). Search for LOH 9p and 10q appears to be a useful complement to analysis of chromosomes 1p -19q in LGGs.
T he prognosis of low-grade gliomas (LGGs) varies widely, with overall survival (OS) ranging from a few years to decades. Defining reliable prognostic factors in LGGs has been difficult, but the importance of clinical factors, including gender, age, Karnofsky performance status (KPS), symptoms at diagnosis, tumor size, and extent of tumor resection, has been recently recognized. 1 -4 To date, the only identified molecular alteration of prognostic importance in LGGs is the 1p -19q co-deletion. 5, 6 Loss of heterozygosity (LOH) on chromosomes 9p and 10q is rare in LGGs. These alterations are classically associated with high-grade tumors (anaplastic gliomas and glioblastomas) 7 and have been found to be of prognostic significance in anaplastic gliomas 8 but not in glioblastomas. 9 In this study, we analyzed the prognostic impact of LOH on 9p and 10q in a series of LGGs.
Patients and Methods

Selection of Patients
This work is based on the analysis of a database created in January 1997 that collects clinical information on patients treated in the department of Neurologie 2-Mazarin, Groupe Hospitalier Pitié-Salpêtrière, Paris for primary brain tumor. 6 The following inclusion criteria were selected: (1) age of 18 years or more at the time of surgery; (2) histological diagnosis of a cerebral LGG according to World Health Organization (WHO) classification (WHO grade II, 2007), including astrocytomas, oligodendrogliomas, and mixed oligoastrocytomas; (3) detailed clinical information at diagnosis and during follow-up; (4) follow-up of .24 months; and (5) availability of paired blood and tumor samples, obtained after informed consent, for molecular analysis.
Patients with anaplastic pathology features such as dysembryoplastic neuroepithelial tumors, pilocytic astrocytomas, gangliogliomas, or gliomatosis, according to the last WHO classification, were excluded.
Molecular Analysis
DNA from both blood and tumor tissue was extracted using a commercial kit (Qiagen, QIAmp DNA mini Kit) according to the manufacturer's instructions. LOH on chromosomes 1p, 19q, 9p, and 10q was detected by microsatellite analysis of blood and tumor DNA, as previously reported. 10 
Statistical Methods
Frequency distribution and summary statistics were calculated for all clinical, histological, and molecular variables. The x 2 test was used to test the association between molecular alterations. Progression-free survival (PFS) and OS were both used to study the prognostic impact of the analyzed variables. PFS was defined as the time from the date of surgery until the first unequivocal clinical or radiological sign of progressive disease, independent of treatment received. Probability estimates for PFS and OS were calculated using the Kaplan-Meier method. The log-rank test was used to test for equality of the PFS and OS distributions. Factors that were significant in univariate analysis were entered as candidate variables in the multivariate Cox proportional hazard regression model analysis: gender, KPS (.80 versus 80), type of surgery (biopsy and partial resection versus total), histological subtype, and 1p, 19q, 9p, and 10q status as well as age (.40 versus ,40 years). Two-sided P-values ,.05 were considered significant.
Results
Clinical Data
Two hundred thirty-one patients from the database fulfilled the inclusion criteria. The median age at surgery was 39 years (range, 18 -78), the sex ratio (men/women) was 1.5, and the median preoperative KPS was 90 (range, 70 -100). One hundred thirty-four patients (59%) underwent biopsy or partial resection, whereas 94 patients (41%) had gross total resection. In 202 of 231 patients (87%), tumor samples were reviewed by consensus between two neuropathologists expert in primary brain tumors (K.M. and A.R.), whereas 29 samples (13%) were reviewed by only one of them. Overall, 19% (43 of 231) of the patients had an astrocytoma, 25% (58 of 231) had an oligoastrocytoma, and 56% (130 of 231) had an oligodendroglioma. Adjuvant treatment consisted of radiotherapy (postoperative radiotherapy in 45 patients and delayed radiotherapy at tumor progression in 74 patients) and chemotherapy (postoperative chemotherapy in 47 patients and delayed chemotherapy at tumor progression in 115 patients).
The ). Otherwise, there was no significant association between the molecular parameters.
Correlations between Clinical and Molecular Data
There was a tight correlation between an oligodendroglioma phenotype and LOH on chromosome arms 1p and 19q (P ¼ 1.2 Â 10 211 ), but there was no association between the histopathological subtype and the LOH on chromosome arm 9p or 10q.
There was no significant correlation between loss on 9p or 10q and age .40 years, Ki-67 expression .5%, or contrast enhancement in magnetic resonance images at the time of diagnosis. The time between first symptoms and surgery was not increased in patients with LOH on 9p or 10q when compared with patients without these alterations (134 days with LOH on 9p versus 188 days and 92 days with LOH on 10q versus 196 days).
In the univariate analysis (Table 1) , several clinical and pathological factors were associated with increased PFS and OS: female gender, KPS .80, absence of neurologic deficit at diagnosis, gross total resection of the tumor, and histopathological diagnosis of oligodendroglioma.
Among molecular markers (Table 1) , LOH on 1p -19q was strongly associated with increased PFS and OS (P ¼ .002 and ,.0001, respectively). LOH on both 9p and 10q was correlated with shorter PFS (P ¼ .01 and .03, respectively). In the subgroup of patients with LOH on 1p -19q, LOH on 9p was also associated with shorter PFS (P ¼ .03). Moreover, the PFS curve of patients with LOH on 1p -19q -9p was almost superimposed onto that of the patients without LOH on 1p -19q (Fig. 1) .
In a multivariate analysis, including the main clinical and molecular parameters (Table 2) , LOH on 1p -19q remained the main factor predicting a good prognosis. Gender, KPS, and the extent of tumor resection were still associated with survival. LOH on 9p was significantly associated with shorter PFS but not with shorter OS. LOH on 10q was associated with shorter OS.
Discussion
This study of a large series of LGGs confirms the favorable prognostic role of 1p -19q codeletion and shows that losses of chromosomes 9p and 10q are negative prognostic factors.
LGGs are known to progress to high-grade gliomas within several years, 11 a process associated with the accumulation of molecular alterations, including the loss of chromosomes 9p or 10q. 12 -15 In the literature, the reported frequency of 9p and 10q losses in LGGs ranges from 0% to 25%, 16 -18 but these data were obtained in small series that rarely exceeded 10 -20 patients. Since histopathologic diagnosis and grading of gliomas are notoriously difficult, 19 one might hypothesize that tumors presenting with LOH on 9p or 10q were high-grade lesions misclassified as LGGs. However, several features lead us to consider that this LGGs and is not compatible with the expected median survival of misdiagnosed anaplastic gliomas. 8 One could also argue that LOH on 9p and 10q is only present in long-standing tumors. However, the time elapsed between the first symptoms and the surgical resection was not longer for tumors with 9p and/or 10q LOH than for tumors without these genetic alterations. These data suggest that loss of chromosome arm 9p or 10q may occur early in the course of the disease and confer a more aggressive biological phenotype at a time when clinical and histological features of anaplasia are absent.
In this series, LOH on 9p and 10q was associated with shorter PFS on univariate analysis. In multivariate analysis, LOH on 9p was an independent predictor of shorter PFS, whereas LOH on 10q was a predictor of shorter OS. These differences might be explained by an insufficient follow-up in this population with a very long OS time (median survival, 175 months).
A considerable amount of time and many patients are indeed needed to identify prognostic factors in LGGs. This is illustrated by our finding on the prognostic importance of the 1p -19q codeletion. In a previous study on a smaller cohort (131 versus 231 patients) with a shorter follow-up (63.3 versus 95.1 months), only LOH on 1p was a significant favorable prognostic predictor. LOH on 9p and 10q was not identified as a potential prognostic factor at this stage. 6 A larger series with longer follow-up time strongly strengthens the data, confirming the major favorable impact of 1p -19q LOH not only on PFS but also on OS, 20 -22 in addition to detecting the role of 9p and 10q deletions. Analyzing these alterations together seems useful. Indeed, as illustrated in Fig. 1 , the benefit of the 1p -19q deletion on PFS was lost when deletion of chromosome 9p was also present.
This study confirms the important prognostic role of several clinical factors, including preoperative KPS, neurological deficit at time of diagnosis, extent of tumor resection, and histological subtype. 1 -4 We did not confirm the prognostic value of age, possibly because of the low number of older patients in our series.
In summary, this study indicates that the search for LOH on 9p and 10q is a useful complement to clinical evaluation and analysis of 1p -19q status in the prognostic work-up of LGGs.
